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Respiratory and contact chemical allergens provoke differ-
ential immune responses in mice, stimulating preferentially 
T helper-2 (T H2) and T Ht cells, respectively. In an attempt to 
discover whether such differences are effected at the level 
of antigen handling and presentation we have examined 
the effect of topical exposure to trimellitic anhydride 
(TMA), a respiratory allergen, and 2,4-dinitrochlorobenzene 
(ONCB) , a contact allergen, on Langerhans cell (LC) MHC 
class II (Ia) expression. Neither chemical caused a significant 
change in LC size. As measured by analytical flow cytometry, 
A Wide variety of chemicals is able to induce allergic contact dermatitis. Some of these, such as, for instance, a number of acid anhydrides including phthalic anhy-dride, hexahydrophthalic anhydride, tetrachlor-ophthalic anhydride, and trimellitic anhydride (TMA) are able also to cause respiratory sensitization in humans, 
frequently associated with. the presence of Ig.E. an~ibody. Other 
chemicals are able only to 1I1duce contact sensltlzatlon. Thus, for 
example, despite evidence for occupational exposure and for the 
development of occupational allergic contact dermatitis, 2,4-dini-
trochlorobenzene (DNCB) does not induce respiratory hypersensi-
tivity . One of our objectives has been to determine why it is that 
only some chemical allergens are able to induce immediate hyper-
sensitivity and respiratory allergy. 
We have compared the characteristics of immune responses in-
duced in mice following topical exposure to TMA and DNCB. 
Under conditions of comparable immunogenicity, measured as a 
function of proliferative responses in lymph nodes draining the site 
of exposure, TMA and DNCB were found to induce equivalent 
levels of contact sensitization and to each provoke IgG anti-hapten 
antibody responses. However, exposure only to TMA caused an 
increase in the serum concentration ofIgE and the appearance ofIgE 
anti-hapten anti.body [1]. We postulated that the observed .qualita-
tive differences 111 responses to TMA and DNCB were attnbutable 
Reprint requests to: Marie Cumberbatch, Immunology Group,ICI Cen-





GM-CSF: granulocyte/macrophage colony-stimulating factor 
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exposure to ONCB resulted in a time-dependent increase in 
LC Ia expression that exceeded 160% of control values 
within 24 h. Exposure to concentrations ofTMA that caused 
an equivalent activation of draining lymph nodes failed to 
affect la expression by LC. Application of sodium lauryl sul-
fate at concentrations that caused edema also failed to influ-
ence LC la. These data demonstrate that TMA and ONCB 
exert differential effects on epidermal LC, possibly indicative 
of differences in antigen handling. ] Invest D ermatol 
99:107S-108S, 1992 
to the selective activation by these chemicals of different functional 
subpopulations ofT helper (T H) cells. Two major populations ofT H 
cells have been identified in mice, designated T HI and T H2, which 
differ in terms of the spectra of cytokines they produce [2]. Al-
though both T HI and T H2 cells secrete granulocyte/macrophage 
colony-stimulating factor (GM-CSF) and interleukin 3 (IL-3), only 
T HI cells produce interferon y (IFN-y), tumor necrosis factor P 
(TNF-P; lymphotoxin), and interleukin 2 (IL-2) and only T H2 cells 
produce IL-4, IL-5, IL-6, and IL-10 [2,3]. Of relevance to our ob-
servations, and to the development of allergic responses to chemi-
cals in general, is the fact that the soluble products of T H cells 
influence markedly IgE antibody production. It is known that the 
initiation and maintenance ofIgE responses requires IL-4 [4], where-
as IFN-y inhibits IgE production [5]. We hypothesized that the 
failure ofDNCB to induce IgE antibody was attributable to a prefer-
ential activation ofT HI cells and, conversely, that a selective activa-
tion ofT H2 cells by TMA would be consistent with the ability of this 
chemical to provoke IgE responses and to cause respiratory hyper-
sensitivity. Support for this hypothesis derived from analysis of the 
isotype distribution ofIgG anti-hapten antibody induced following 
exposure to these chemicals. IFN-y, but not T H2 cytokines, pro-
motes production of the IgG2a isotype [5,6]. We found that DNCB 
resulted in a substantially stronger IgG2a than IgG2b antibody re-
sponse. In contrast, exposure to TMA provoked significantly less 
IgG2a than IgG2b antibody [1]. Subsequent investigations with 
other chemicals have confirmed that respiratory allergens induce 
immune responses characteristic of the selective activation of T H2 
cells, whereas contact allergens that apparently lack the potential for 
respiratory sensitization stimulate preferentially T HI-type responses 
[7,8]. 
An interesting question is why topical exposure to different 
classes of chemical allergen results in divergent T wcell activation. 
There is evidence that antigen-presenting cells vary with respect to 
their ability to activate cloned T H subpopulations, a reflection, in 
part, of the differential requirements of T HI and T H2 cells for co-
stimulatory factors [9-11]. Thus, for instance, T H2, but not T HI, 
cells require IL-1 for antigen-induced proliferation [9 ,10,12]. The 
implication is that the characteristics of immune responses induced 
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in vivo, and the maturation of T Hl- and T H2-type cells from less 
differentiated precursors, may similarly be critically dependent 
upon the nature and functional status of antigen-presenting cells. 
We therefore investigated the influence of topical exposure to 
TMA and DNCB on epidermal Langerhans cells (LC), the popula-
tion primarily responsible for the transport, and ultimately the pre-
sentation, of cutaneously applied chemical allergen. 
BALB/c strain mice received concentrations of chemical (50% 
TMA or 1 % DNCB) of quantitatively comparable immunogenicity 
that resulted in equivalent levels of contact sensitization. The size of 
LC at the site of application and their expression of MHC class II 
(I a) antigens were measured by flow cytometry at various periods 
following exposure. Compared with LC isolated from vehicle-
treated control mice, neither DNCB nor TMA caused an alteration 
in LC size as defined by forward-angle light scatter. However, ap-
plication of DNCB resulted in a time-dependent increase in Ia ex-
pression by LC reaching approximately 160% of control values 
within 18 h of exposure. LC prepared from mice exposed to TMA 
ex hibited no such increase in Ia expression. Treatment of mice with 
an irritant concentration (20%) of sodiumlauryl sulfate (SLS) failed 
to induce changes in either the size ofLC or their expression ofIa. It 
is relevant to compare these data with the results of recent investiga-
tions by Aiba and Katz [13] who found that topical exposure of mice 
to a variety of contact allergens, but not to SLS, caused an increase in 
the expression, by a proportion of local LC, of both I-A and I-E 
antigens. It was argued that enhanced Ia expression by LC might 
represent a common consequence of exposure to skin-sensitizing 
chemicals and thereby provide a method for distinguishing between 
these and skin irritants [13]. However, in our studies exposure to a 
skin-sensitizing concentration of TMA failed to induce changes in 
LC la. Although in these experiments Ia expression was evaluated at 
18 h, whereas in the studies of Aiba and Katz [13] a 24-h exposure 
period was used, it is apparent that there exist clear differences 
between DNCB and TMA. 
The augmentation ofIa expression by DNCB could result from a 
direct effect of the chemical on LC, or indirectly from the induced 
release by keratinocytes of cytokines. It has been found recently that 
treatment of mice with the contact allergen 2,4-dinitrofluoroben-
zene (DNFB) induces the production of a variety of cytokines by 
keratinocytes, including GM-CSF. · The maturation of LC that 
occurs during culture, and which is associated with an elevated 
expression ofIa antigen, is known to be effected by GM-CSF [14]. 
Although our studies to date have addressed changes only in the 
expression of Ia by LC, it is possible that epidermal cytokines may 
also affect these cells in other ways. IL-l, also a product ofkeratino-
cytes, has, for instance, been shown to amplify dendritic cell func-
tion in the absence of changes in membrane la [15]. 
How changes in the expression of membrane Ia and/or the func-
tional activity of LC can influence the quality of immune response 
that will be induced in response to cutaneous antigen is, as yet, 
unclear. One interesting and, in the light of our observations, rele-
vant suggestion is that the density of the la/antigen ligand complex 
on antigen-presenting cells may influence the development ofT HI-
and T H2-type responses [16]. Certainly a precedent for LC having an 
influential role in determining the balance between T HI- and T H2-
type responses exists. It has been shown in vivo that ultraviolet (UV) 
radiation favors the appearance ofIL-4- producing cells [17], a phe-
nomenon that may, in part, be explained by the fact that UV-irra-
diated LC preferentially activate T H2 cells in vitro [18]. 
In conclusion it is our tentative hypothesis that chemical aller-
gens, possibly via the local release by epidermal cells of cytokines, 
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have variable effects on the characteristics of LC and/or on their 
migration to draining lymph nodes, and that this in turn may serve 
to influence the balance between T HI and T H2 responses and the 
type of allergic reaction that will predominate. 
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